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LITERATURE SURVEY OF PREVIOUS WORK, VIRGINIA BEACH 
COASTAL COMPARTMENT, SOUTHEASTERN VIRGINIA 
by 
Victor Goldsmith 
Virginia Institute of Marine Science 
Gloucester Point, Virginia 
DACW 72-74-C-0008 
INTRODUCTION 
This literature survey of previous work is part of a study 
of beach changes involving monthly measurements at 18 beach profile 
locations (Fig. l) . This report consists of two major sections. 
The first section (3.0) surveys the regional geological and coastal 
literature and the second section (4.0) surveys in more detail the 
specific literature relating directly to beach processes of the 
Virginia Beach Coastal Compartment. 
The nomenclature TTVirginia Beach Coastal Compartment fr is 
unique to this investigator, though by no means is it arbitrary 
usage. Historically, the northern limit of the Outer Banks was 
at Caffey 1 s Inlet, near the Virginia-North Carolina state line. This 
inlet has been closed since about 1875 (Fig. 2a). However, it makes 
more sense geologically to consider the stretch of coast between 
Cape Henry and C:-1pe Hatteras (encompassing the study area) as a 
classic coastal spit-barrier island complex, with Cape Henry being which 
the headland, and the net annual drift to the south. ·This has 
long been recognized (Fisher, 1967). The northern two-thirds of 
this coast is one long continuous spit, called Currituck Spit, 
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may be subdivided into two long concave-seaward portions of coast, 
separated by a convex-seaward bulge called False Cape. It is the 
northern concave-seaward stretch of coast from False Cape to Cape 
Henry, that we herewith refer to as the Virginia Beach Coastal Com-
partment, and which is our beach profile study area. 
In addition to shoreline morphology, this compartmentalization 
is related to the areaTs coastal processes. The CorpsT recent sum-
mary (U.S. Army Corps of Engineers, 1971) states that False Cape 
is adjacent to a longshore drift nodal point, in that north of this 
area the net annual drift is to the north, wheras south of this 
area the net annual drift is to the south. 
2.3 The co~plete description of this area, given in the Corps' 
National Shoreline Study (U.S. Army Corps of Engineers, 1971), is 
organized in Table .l by reaches and subjects. These reaches are 
related to population zonation of the coast and not to the geo-
logical aspects previously discussed. 
3. 
3.0 REGIONAL OVERVIEW 
3.1 This section includes references on the pre-Holocene and Holo-
cene geology, coastal process studies of the Cape Henry-Cape Hatteras 
barrier-spit complex, CorpsT studies, environmental studies, and 
offshore inner-shelf studies. 
Pre-Holocene and Holocene Geology in the vicinity of the study area 
The physiography and geolog~ both immediately underlying the study 
area and at the surface to the west, is directly related to the six 
or more Pliocene (?) and Pleistocene cycles of emergence and sub-
. mergence, with maximum submergent sea levels near + 45 feet (Oaks 
and Coch, 1973). Figures 3 and 4 (from Oaks and Coch, 1963) give 
some of the details of the geology and geomorphology seaward of the 
Suffolk Scarp. The Sandbridge Formation (youngest Pleistocene), 
shown in Fig. 5 (from Oaks and Coch, 1973) is often exposed after 
storms in the intertidal zone at 44th Street, Virginia Beach. The 
Pleistocene Geology of this area is also discussed by Rogers and 
Spencer (1968). Other aspects of coastal plain geology are dis-
cussed by Sanford (1912), Wentworth (1930), Cederstrom (1941), 
Richards (1950), and the early literature is summarized by Ruhle 
(1965). Harrison, et al. (1965) presents evidence for a late 
Pleistocene uplift in the area. More recent coastal plain studies 
are discussed by Calver (1973a and 1973b). Pleistocene sea level 
changes are discussed by Milliman and Emery (1968) and Oaks and 
Coch (1963). Historical sea level changes at Hampton Roads, Vir-
ginia are shown in Figure 6 (from Hicks, 1972). 
4. 
3.2.0 
3.2.1 
Holocene geomorphology and stratigraphy at Chesapeake Bay 
Entrance are discussed by Meisberger (1972) and Nelson (1972) and 
the Holocene evolution of a portion of the Hatteras barrier island 
chain has been discussed by Pierce and Colqhoun (1970a, 197Gb) and 
White (1966). 
Coastal studies of the Cape Henry - Cape Hatteras barrier spit complex 
Historical Studies 
A de fin it i ve study on the historical geography of the North 
Carolina Outer Banks has been made by Dunbar (1958). More detailed 
historical studies of inlets, and their relict features, on the 
Outer Banks are reported in Fisher (1962, 1967). These data are 
summarized in Figures 2a and 2b. Note the former presence of inlets 
at the Virginia-North Carolina line, and just to the south, from 
the 16th to the mid 19th century. The geomorphic expression of 
these former inlets is quite apparent (Fig. 2b), and probably in-
' 
fluences present coastal processes. Another interesting aspect of 
these changing inlets is the steady decrease in number of inlets 
per lOO miles from 4.2 to 0.8, during the years 1600 to 1961, between 
Cape Henry and Cape Hatteras, as shown below (Fisher, 1962, Table 1). 
Table 2 
(from Fisher, 1962, Table 1) 
Spatial Inlet Distribution During Historical Times 
-
Inlets per 100 miles* 
Period c. Henry - c. Hatteras c. Hatteras - c. Lookout 
1600-1700 S/120 mi.= 4.2/100 mi. 6/70 mi. = 8.6/100 mi. 
1700-1800 3/120 mi.= 2.5/100 mi. 6/70 mi. = 8.6/100 mi. 
1800-1850 3/120 mi.= 2.5/100 mi. 2/70 mi. = 2.0/100 mi. 
1850-1900 3/120 mi.= 2.5/100 mi. 3/70 mi. = 4.3/100 mi. 1900-1945 2/120 mi.= 1.7/100 mi. 5/70 mi. = 7.1/100 mi. 
1945-1961 I 1/120 mi.= .8/100 mi. 6/70 mi. = 8.6/100 mi. 
* First figure is number of inlets per actual distance. Second 
figur·e is number of inlets recalculated per 100 miles. 
~-
3.2.2 
Additional studies of historical shoreline changes have been made 
by Rude (1922), and Athearn and Ronne (1963). Pierce (1969) has 
used historical changes determined from char~s in an attempt to 
formulate a sed:lment budget for a portion of the Outer Banks, 
with mixed results. Comparisons of~vertical aerial photographs 
have been used to study shoreline changes within the last 50 years 
by Shepard and Wanless (1971), Al Ashry and Wanless (1968), Lang-
felder, et al. (1968) and Stafford (1971). Vvahls (1973, Fig. 6) 
has summarized the most recent shoreline changes, 1949-1971, in 
Currituck and Dare Counties, N.C., from existing aerial photographic 
coverage (Fig. 7). 
Langfelder, et al. (1970) attempted to correlate historical 
shoreline erosion with ncomputed erosionn from wave refraction compu-
tations (using Wilson's program), with mixed results. 
Beach Studies 
Detailed studies of beach behavior on the Outer Banks have 
been made by Dolan (Dolan, 1966; Dolan and Fern, 1968; Dolan, et al., 
1969; Dolan, 1970; Dolan, 1972; Dolan, 1971) and Sonu (Sonu and Van 
Beek, 1971; and Sonu, 1973). Results of Sonu's intensive studies are 
that of all the parameters measured, the previous sediment storage, 
the wave approach direction and the three dimensional nearshore topog-
raphy appear to be among the ·most important variables affecting beach 
erosion on the Outer Banks. 
Vincent (1973) attempted to statistically quantify shoreline 
meanders (also called giant cusps, sandwaves, protuberances, etc.). 
6. 
Vincent concluded that there were two basic meander types which 
greatly affect beach processes on the Outer Banks between Oregon 
Inlet and Cape Hatteras. He then suggested that these two meander 
types, n short" and "longn wavelength meanders, were related to 
short-term cycles of accretional and storm-erosional conditions, 
respectively. Preliminary observations suggest that similar shore-
line meanders may also be prevalent between Cape Henry and the 
Virginia-North Carolina state line. 
Beach sedimentological studies of the Outer Banks have been 
made by Swift, et al. (1971), Swift, Dill and McHone (1971), Shideler 
(1973a, 1973b, 1973c, Shideler, 1974) and Sabet (1973). These studies, 
which show that the interpretation of coastal processes from grain size 
and mineralogical data in this area is a very complex problem, are 
summarized in Figures 8 and 9 (from Shideler, 1973b and Swift, Dill 
and McHone, 1971, respectively). 
u.s. Army Corps of Engineers studies 
Because of the Outer Banks' beach erosion problems, and his-
torical and tourist interest, several studies have been made by the 
Corps. In one of these studies (U.S. Army Corps of Engineers, 1948). 
shoreline changes, 1858 to 1933, were summarized by reaches (Fig. 10). 
Revealed in this data, and of interest here, is the abundance of 
alternate zones of relative erosion and accretion along the shore-
line. Other studies of historical shoreline changes, Cape Henry to 
Cape Hatteras, being made by the principal investigator using larger 
scale charts and better ·control, support the existence of this 
7. 
alternate zonation. Such alternations may be due to nonuniform shore-
line wave energy distributions caused by wave refraction over the 
adjacent continental shelf (Goldsmith and Colonell, 1974). 
A later study (U.S. Army Corps of Engineers, 1965) also pre-
sents much useful information, including a history of hurricanes 
affecting the Outer Banks (reproduced here as Table 3). 
The most recent Corps study is a draft environmental impact 
statement of CERC's Field Research Facility at Duck, N.C. (U.S. Army 
Corps of Engineers, 1973. 
3.3 Dune Vegetation Studies 
A critical aspect of beach and dune stability is the presence 
of vegetation in the back beach and dune areas. Studies of vege-
tation on the Outer Banks have been made by Oosting (1954), Brown 
(1959) and Woodhouse and Hanes (1967). On a recent visit to the 
site of the future CERC facility at Duck, large experimental tracts 
of vegetation were observed, indicating that such studies are 
presently occurring at the south end of this study area (discussed 
in u.s. Army Corps of Engineers, 1973). 
3.4 Environmental Aspects 
With increasing environmental consciousness, such aspects 
have become important considerations in all beach studies, and so 
will be briefly mentioned here. 
3.4.1. The Overwash Problem 
Dolan and Godfrey have suggested that through the abundant 
use of sand fencing in stabilizing the foredunes of the North 
8. 
3.4.2 
3.5.1 
Carolina Outer Banks much sand has been permanently lost to this 
barrier island "System which would otherwise have been deposited 
through storm overwash processes (Godfrey, 1970; Dolan, 1973; 
Dolan, et al., 1973; Godfrey and Godfrey, 1973). The same sand 
fencing that was first implemented in the 1930fs by the WPA on the 
Outer Banks continues north to Sandbridge. The possible effects of 
this sand fencing on beach processes in the study area will be 
considered in this study. 
Currituck County 
Most of the environmental issues in the study area revolve around 
access routes through the remote, and presently, largely natural 
areas. A summary of various access and land development alternatives 
for Currituck County is given in Envirotek (1972), within which 
it is recommended that much of the Corolla area and the area to the 
north, presently in a natural state, be kep·t as close to the present 
state as possible, and that construction be restricted in the area 
seaward of a 500 foot ocean front set-back line. 
Back Bay Wildlife Refuge 
Observations and studies by personnel of the u.s. Back Bay 
Wildlife Refuge (e.g., Smith, 1972) indicated that the heavy 
visitor traffic through and within the Refuge (several hundred 
thousand vehicle trips per year) was doing permanent damage to the 
flora and fauna within the refuge. As a result of court action 
(Baird, 1973; Smolen, 1973) vehicular access is now temporarily 
limited to O\rJners of property south of the Virginia-North Carolina 
9. 
state line and a limited number of visitors. However, the question 
of access through the Back Bay Federal Refuge is still in the 
courts. Part of the problem revolves around the open question of 
damage to the beach, if any, by a large amount of vehicular traffic. 
3.5.2 False Cape State Park 
Access to False Cape State Park, located between the Back 
Bay Wildlife Refuge and the Virginia-North Carolina state line 
(Fig. l) is presently limited to four-wheel drive vehicles passing 
along the beach and back dune areas, and which is subject to the 
limitations discussed in paragraph 3.5.3. A study of various pro-
posed access routes by Zeigler and Marcellus (1972) concluded that 
all proposed hard-surfaced automobile routes would ultimately cause 
permanent damage to the area and that the only acceptable access 
to False Cape Park would be: (a) some sort of monorail or rapid 
transit system, or (b) a ferry crossing from Knotts Island, N.C. 
across Back Bay to the bay side of Currituck Spit at False Cape 
Landing. State-sponsored studies of this problem are continuing. 
3.6 Offshore Inner-Shelf Studies 
A definitive study summarizing the shelf geomorphology of the 
Chesapeake Bight part of the Virginian $ea, (i.e., Cape Henry to 
' Cape Hatteras) and the complex relationships between the shelf 
geomorphology and the ocean surface wave climate over the shelf and 
along the shoreline, is presented in Goldsmith, et al ., 1974. A 
copy of this study which is in press, will be forwarded to CERC. 
Pertinent field studies are outlined below. 
10. 
Marine Geology 
False Cape, because of its large submarine ridge system, has 
been the scene of several studies (Sanders, 1963; Swift et al., 1972; 
and McHone, 1972). These studies point out the process interaction 
between the beach and the nearshore morphology. Unpublished beach 
profile data collected separately by Swift, Shideler, McHone and 
Goldsmith indicate that the False Cape Ridge system has an important 
influence on the behavior of the adjacent beaches. 
Additional inner shelf studies are by Payne (1970), Shideler 
and Swift (1972); Shideler, et al. (1972), Fisher (1973); and 
Shideler et al. (1973). 
Physical Oceanography 
The most detailed current study of the adjacent shelf area 
was made by Harrison, et al. (1967). A recent summary of physical 
oceanography studies was made by Bumpus, et al. (1973). 
Wave refraction studies in the area, previous to Goldsmith, 
et al., 1974, have been made by Pierce, et al. (1970) and Chao (1972). 
ll. 
4.0 BEACH AND RELATED STUDIES - CAPE HENRY TO FALSE CAPE 
4.1 Metrologic and Oceanographic Data 
~ 
Pertinent data copied from an intensive study of proposed 
shoreline improvements for Virginia Beach (U.s. Army Corps of 
Engineers, 1971) are presented here in Figures 11 to 19. Also 
presented are wave observations, from Marsden subsquare No. 116-55 
as summarized in Goldsmith, et al., 1974 (Figs. 20 and 21). 
On the basis of field studies, Harrison, et al. (1964) pro-
posed that a nontidal drift eddy, with clockwise motion, exists 
between Cape Henry and Rudee Inlet. 
4.2 Longshore Drift Studies 
An investigation of the rate of littoral transport between 
Cape Henry and the Virginia-North Carolina line by an analysis of 
wave energy (as computed from Saville's (1954) hindcast data) was 
made by Weinman (1971). He determined a net annual transport to 
5 3 the north of 9.8 x 10 yds /year. Though this total is probably 
too high, the results qualitatively agree with other studies, and 
emphasize the importance of southeast waves in this area (Goldsmith, 
et al., 1974). 
Longshore drift rates were also calculated from tracer analyses 
at Rudee Inlet by Bunch (1969). An approximate mean northerly drift 
3 
of 70,000 yd was calculated .from five tests conducted between 
November 8, 1968 and March 20, 1969, during times of moderate wave 
heights. 
An additional indication of the amount of northerly drift 
can be gotten from Corps' dredging data (U.S. Army Corps of Engineers, 
12. 
4.3 
4.3.1 
1973) for Thimble Shoal Channel. Approximately 1 x 106 yd3 of 
material is removed every two to three years from just the main 
channel, located within the Chesapeake Bay entrance. Thus, the 
dredge data probably gives only a minimal estimate of the longshore 
drift along the study area. 
Beach Studies in the Virginia Beach Coastal Compartment 
Previous Studies 
Previous beach studies and those beach profile locations that 
have been reoccupied in this present study, are summarized in Table 3. 
Watts (1959) studied effects of beachfill on Virginia Beach 
and calculated net volume changes in the nearshore and intertidal 
portions of the profile between 1946, 1952, 1955 and 1958. 
The first detailed studies of beach changes in Virginia were under-
taken by Harrison and Wagner (1964). In this study monthly, weekly 
and daily changes were monitored at four locations in Virginia Beach 
and one at Camp Pendleton (Table 3 and Fig. 4). These profiles were 
measured intermittantly between November 1956 and May 1963. The 
beach profile data indicated that beach changes were not always di-
rectly related to the changes in the wave regime, but that a rhythmic 
pattern of change unrelated directly to the waves, was also quite 
important (Harrison and Wagner, 1964, p. 1, 2, 8 and 9). The precise 
location of these beach profile locations have been reoccupied. 
Additional studies were conducted at Fort Story, north of Virginia 
Beach (Fig. 1) by Harrison, et aL, in 1968. The importance of the 
beach water table in the Fort Story area was investigated by Fausak 
13. 
(1970). Studies of the beach water table at Camp Pendleton in 
1966 and at Fort Story in 1969 are reported in Harrison, et al., 
1971. Fausakrs Fort Story beach profile, which was monitored in 
August and September, 1969, was reoccupied in September, 1972 by 
this investigator. 
Harrison and Bullock have recently completed a detailed study of 
beach changes along the outer coast of Virginia. This work has 
been reported in Bullock, 1971; and Harrison, et al, 1972. In 
this study sixteen beach profile locations were monitored between 
the Virginia-Maryland and the Virginia-North Carolina state lines 
for a period of twenty months. This data was then used to cali-
brate a model which would attempt to forecast changes in beach 
sand volume resulting from storm conditions. nThe results indicated 
that it may be possible to develop prediction equations to forecast 
beach changes for sections of ocean beach that do not exhibit com-
plex offshore bathymetry" (Bullock, 1971, p. vii). Six out of 
seven of these beach profiles in the Virginia Beach Coastal Com-
partment were precisely located and remeasured at bimonthly inter-
vals between September 1972 and January 1974 by Goldsmith and Smith. 
Numerous studies of the False Cape area, including beach profile 
measurements, have been conducted by D.J.P. Swift and others. 
However, the beach profile data is, as yet, unpublished. Three out 
of four of these beach profiles, going back to 1969, were reoccupied 
in September 1972 by VIMS and ODU personnel, and have been measured 
since then by Goldsmith and Smith at bimonthly intervals, through 
January 1974. All these previous beach profile data are in the 
possession of the principal investigator. 
14· 
4.3.2 Present beach profile studies 
Beach changes are being monitored once a month at Virginia 
Beach at 1,000 foot intervals between 49th Street and Rudee Inlet 
by an engineering firm under contract to the City of Virginia Beach 
and the Corps of Engineers, Norfolk District. Once a year these 
profiles are extended out to depths of 25 feet (Mr. Fine, Chief, 
Water Resources Planning Branch, Norfolk District, u.s. Army Corps 
of Engineers, personal communication, 1972). This 2.5 mile stretch 
of shoreline includes the major zone of public concern about beach 
erosion, but less than 10% of the total shoreline of the Virginia 
Beach Coastal Compartment. 
A beach profile network consisting of 13 beach profiles over a 
15 mile stretch of coast between Rudee Inlet and the Virginia-North 
Carolina border was set up by the,principal investigator in the 
summer of 1972. These profiles were monitored at bimonthly intervals 
with the cooperation and assistance of the personnel of the Back 
Bay Wildlife Refuge, u.s. Fish and Wildlife Service and graduate 
student volunteers at VIMS. This profile network consisted of the 
five older profiles of Harrison and Bullock and three profiles of 
Swift and others (enumerated above) and the present profiles of the 
Back Bay Wildlife Refuge personnel (5 profiles). 
Some of these preliminary results, which were partially re-
ported in Wardrop (1973), indicate a highly variable rate of erosion 
and accretion between adjacent beach profile locations. A summary 
of the False Cape beach profile data, in preparation by this in-
15. 
vestigator, also indicates similar variability between adjacent 
beach profile locations. 
Grain Size Studies, Virginia Beach, Virginia 
The behavior of sand on Virginia Beach has been studied by 
Harrison and Alamo (1964) and by Tuck (1969). Tuck suggested that 
a reversal in the slope-grain size relationship occurs under storm 
conditions on the beach coincident with profile changes, and that 
such a reversal is generally present in the "zone of shoaling waves" 
portion of the beach profile at Virginia Beach. 
16. 
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Reach 
Willoughby Spit to Cape Henry 
Cape Henry to 49th Street 
Profile 
Number 
None 
1 
2 
Distance 
(miles) 
21 
3.8 
Physical 
Characteristics 
Characterized by an irregular 
dune line with a beach width 
varying from 100 to 125 feet 
at an average elevation of 
about 5 feet mean sea level. 
The dune elevation-is gen-
erally about 12 feet mean sea 
level. Segments of this reach 
near the western tip have, of 
necessity been stabilized 
with timber groins 
Characterized by an irregular 
dune line. 
Shore 
OWnership 
lt'!.compasses two 
military reser-
vations. Little 
Creek Amphibious 
Base and Fort Story; 
the Seashore State 
fcrk, and the re-
sort beach of Ocean 
View. Of the shore-
line composing 
Ocean View, 4 miles 
are owned private-
1~ and 5 miles 
publicly. 
The 2.7-mile seg-
m~nt between 49th 
Street and 89th 
Street, known as 
North Virginia 
Beach, is centered 
about 3 miles south 
of Cape Henry and 
is publicly owned. 
The U.S • Army ' s 
Fort Story extends 
along the Atlantic 
Ocean for a distance 
o1 about 1.1 miles 
from 89th Street 
to a point opposite 
cape Henry Light-
house which is the 
snuth point of 
C~esapeake Bay. 
Shore Use 
and Development 
Used extensively for 
public and private 
recreation. Several 
miles of non-recreation-
al shoreline are de-
voted to the Little 
Creek Amphibious Base. 
The stretch of shore 
north of Rudee Inlet 
to Fort Story is pub-
licly used for recre-
ational purposes. In 
1970, the annual visi-
tation at the Virginia 
Beach resort areas was 
4,320,000 persons. 
Development is resi-
dential and commercial. 
Shore History 
West of Cape Henry, to Little Creek the 
shoreline has shown alternate periods of 
erosion and accretion with the overall 
trend being one of gradual accretion. 
Between 1891 and 1916 the 4.8 mile sec-
tion of shoreline between Lynnhaven In-
let and Little Creek eroded at an average 
rate of 12 feet per year. Since then, 
the overall trend has been one of gradual 
accretion. Based on complete shoreline 
surveys of the 4. 9-mile reach between 
the lighthouse and Lynnhaven Inlet, made 
in 1962, and the 4.8 miles of beach be-
tween Lynnhaven Inlet and Little Creek, 
made in 1946, the average annual rate of 
accretion was 1.98 feet, which is equiva-
lent to slightly more than 100,000 cubic 
yards per year. The 11-mile segment of 
shoreline from Little Creek Inlet to 
Willoughby Spit has been relatively state 
to change in recent years. Erosion has 
removed material from this reach during 
storm periods, but natural return has 
usually occurred. Drift west of Cape 
Henry to Willoughby Spit is westerly. 
Rates in this zone are moderate to small. 
No information on drift west of Willough-
by is available . 
Material placed artificailly to rebuild 
the Atlantic Ocean shoreline at Sand-
bridge, Virginia Beach proper, and North 
Virginia Beach after the 6-8 March 1962 
storm has continued to erode at rates 
comparable to those experienced his-
torically. Except for a few reaches of 
beach accreting, there has been a general 
recession of the entire shoreline. 
Based on the latest complete survey of 
1968 for the reach from the state line to 
the Cape Henry Lighthouse, the 27.0 miles 
of beachfront along the Atlantic Ocean 
was undergoing an average annual rate 
of erosion ot 0.72 feet, which is equiva-
lent to approximately 100,000 cubic 
yards per year. 
Authorized 
Federal Projects 
None 
None 
Authorized Federal 
Survey Studies 
Chesapeake Bay Basin--
This study, currently 
under way, is comprehen-
sive in scope and includes 
the entire Chesapeake Bay 
and its tidal tributaries. 
It will provide an apprais-
al of the water resources 
needs and of the economic 
interrelations among the 
several portions of the 
basin. Water resources 
being considered in the 
study include navigation, 
fisheries, flood control, 
noxious weeds, water pol-
lution, water quality con-
trol, beach erosion and 
recreation. Future 
progress on the study is 
contingent on appropriation 
of funds. 
Virginia Beach - A beach 
erosion control and hurri-
cane protection study of the 
38 miles of Virginia Beach 
shoreline is under way. The 
Division and District engin-
eers have recommended struc-
tural improvement for beach· 
erosion control and hurricane 
tidal flood protection in 
the area between Rudee Inlet 
and 89th Street and consisting 
of the placement of a pro-
tective beach to elevat.ion 
10; a new sheet pile and con-
crete cap wall plus riprap 
between Rudee Inlet and 57th 
to 89th Streets. The pro-
tective beaches and dunes 
would be maintained by 
periodic sand replenishment. 
Suitable Type 
of Remedial Action 
Except for the highly developed 
areas of Virginia Beach proper, 
much of the shore is undeveloped 
or developed for summer use only. 
Beaches for recreational use are 
important to these types of de-
velopment. Therefore, beach 
restoration and periodic artificial 
placement of sand would be a suit-
able type of remedial action. In 
the more highly developed areas, 
bulkheading with fill would be 
essential. Costs of beach 
restoration or bulkhead types of 
protection would depend to a great 
extent on the locality and extent 
of shore to be protected. It is 
estimated that effective pro-
tection could be provided for the 
shore along this reach for ap-
proximately $31,600,000. 
Same as above. 
Reach 
49th Street to Rudee Inlet 
Profile 
Number 
3 
4 
Distance 
(miles) 
Physical 
Characteristics 
From Rudee Inlet to Cape 
Henry, a distance of 7 miles 
a flat unstable sandy beach 
.100 to 200 feet wide and 
averaging 5 feet mean sea 
level in elevation is visit-
ed annually by more tourists 
than any resort beach in Vir 
ginia. Photographs V-1 and 
V-2 show this area. The 3.3 
miles of shoreline between 
49th Street and Rudee Inlet 
are devoid of dunes. 
Shore 
Ownership 
The 3. 3 miles of 
beach· between 
49th Street and 
Rudee Inlet are 
publicly owned 
and constitute 
the rro st sig-
nificant ocean 
front area of 
Virginia Beach 
in terms of mass 
recreational use 
and commercial 
development. 
Shore Use 
and Development 
The stretch of shore 
north of Rudee Inlet 
to Fort Story is pub-
licly used for recre-
ational purposes. In 
1970, the annual visi-
tation at the Virginia 
Beach resort areas was 
4,320,000 persons. 
Development is resi-
dential and commercial. 
Shore History 
Material placed artificially to· rebuild 
the Atlantic Ocean shoreline at Sand-
bridge, Virginia Beach proper, and North 
Virginia Beach after the 6-8 March 1962 
storm has continued to erode at rates 
comparable to those experienced his-
torically. Except for a few reaches of 
beach accreting, there has been a general 
recession of the entire shoreline. 
Based on the latest complete survey of 
1968 for the reach from the state line to 
the Cape Henry Lighthouse, the 27.0 miles 
of beachfront along the Atlantic Ocean 
was undergoing an average annual rate 
of erosion of 0.72 feet, which is equiva-
lent to approximately 100,000 cubic 
yards per year. 
Authorized 
Federal Projects 
~ne Federal beach 
erosion control 
project has been 
. authorized for 
the shoreline of 
Virginia Beach be-
-ween Rudee Inlet 
and 49th Street, a 
distance of about 
3-1/3 miles. The 
project, Virginia 
Beach, Virginia, 
~ach Erosion Con-
trol, provided Fed-
eral funds for beach 
restoration, con-
struction of approx-
imately 24 groins, 
.nd a 25-year pro-
gram for periodic 
artificial place-
ment of sand fill 
on the beach with-
in the City between 
~udee Inlet and 49th 
Street. The beach 
restoration work 
has been completed. 
The groins have not 
been constructed 
.ecause experience 
to date indicates 
that periodic place-
ment of sand by hy-
draulic pumping is 
the more suitable and 
•conomic method of 
maintenance stability 
of the shore. The 
25-year program for 
artificial placement 
of sand on the beach 
es under way. 
Authorized Federal 
Survey Studies 
A beach erosion control 
and hurricane protection 
study of the 38 miles of 
Virginia Beach shoreline 
is under way. The Divis-
ion and District engineers 
have recommended structural 
improvement for beach ero-
sion control and hurricane 
tidal flood protection in 
the area between Rudee In-
let and 89th Street and 
consisting of the place-
ment of a protective beach 
to elevation 10; a new 
sheet pile and concrete 
cap wall plus riprap be-
tween Rudee Inlet and 57th 
to 89th Streets. The pro-
tective beaches and dunes 
would be maintained by 
periodic sand replenishment. 
Suitable Type 
of Remedial Action 
Except for the highly developed 
areas of Virginia Beach proper, 
much of the shore is undeveloped 
or developed for summer use only • 
Beaches for recreational use are 
important to these types of de-
velopment. Therefore, beach 
restoration and periodic artificial 
placement of sand would be a suitable 
type of remedial action. In the 
more highly developed areas, bulk-
heading with fill would be essential. 
Costs of beach restoration or bulk-
head types of protection would depend 
to a great extent on the locality 
and extent of shore to be protected. 
It is estimated that effective pro-
tection could be provided for the 
shore along this reach for approxi-
mately $31,600,000. 
Reach 
Rudee Inlet to North of 
Sand bridge 
North or Sandbridge to 
North Carolina line 
Profile 
Number 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Distance 
(miles) 
4.4 
12 
Physical 
Chara cte rist ic s 
The beach narrows and is 
separated from the main-
land by low dunes. Beach 
grasses have been planted 
along sections of this 
reach in an attempt to 
stabilize the ever shift-
ing sands. 
Narrow undeveloped bar-
rier strip of land with 
a sandy beach facing the 
Atlantic Ocean on one side 
and several picturesque 
bays on the other extends 
a distance of 9 miles be-
fore approaching the rapid· 
ly developing resort area 
of Sandbridge Beach. This 
relatively undisturbed 
zone varies in width from 
.25 mile to 1.5 miles and 
is frequently breached by 
both sound and ocean water~ · 
during storm periods. 
Access to this area is 
limited to vehicles capable 
of traveling on ·sand since 
no paved roads exist. 
Shore 
Ownership 
Largely occupied by 
the u.s. Anti-Air 
Warfare Training 
Center at Dam Neck. 
~ setment of pub-
l.cly owned beach 
does, however, 
exist immediately 
south of Rudee 
Inlet. 
The 12 miles of 
beach are divided 
among Federa, 
public, and private 
:Alterests. Sand-
bridge Beach, a 
reach of 3 miles, 
is publicly owned. 
Shore Use 
and Development 
Development is primarily 
military, the u.s. Anti-
Air Warfare Training 
Center being found here. 
The shoreline south of 
Sandbridge is generally 
undeveloped and publcly 
used for recreation. The 
Back Bay Wildlife Refuge 
and the Little Island 
Municipal Park are located 
in this reach. Sandbridge 
Beach is privately used 
for recreational purposes 
and developed for summer 
residence. Summer resi-
dential development south 
of Sandbridge is expected 
to continue. Some addition-
al development as parks 
and conservation areas is 
likely. 
Shore History 
Material placed artificially to rebuild 
the Atlantic Ocean shoreline at Sand-
bridge, Virginia Beach proper, and 
North Virginia Beach after the 6-8 
March 1962 storm has continued to erode 
at rates comparable to those experiencec 
historically. Except for a few reaches 
of beach accreting, there has been a 
general recession of the entire shore-
line. Based on the latest complete 
survey of 1968 for the reach from the 
state line to the Cape Henry Lighthouse: 
the 27.0 miles of beachfront along the 
Atlantic Ocean was undergoing an averagE 
annual rate of erosion of 0.72 cubic 
feet, which is equivalent to approxi-
mately 100,000 cubic yards per year. 
Observations indicate that south of 
False Cape, an area approximately 25 
miles south of Cape Henry, the drift 
is southerly. North of False Cape, 
the drift has a net northerly component. 
The rate and volume of drift in this 
zone is relatively large. 
Authorized 
Federal Projects 
None 
None 
Authorized Federal 
Survey Studies 
None 
None 
Suitable Type 
of Remedial Action 
Except for the highly developed areas of 
Virginia Beach proper, much of the shore 
is undeveloped or developed for summer 
use only. Beaches for·recreational use 
are important to these types of develop-
ment. Therefore, beach restoration and 
periodic artificial placement of sand 
would be a suitable type of remedial 
action. In the more highly developed 
areas, bulkheading with .fill would be 
essential. Costs of beach restoration or 
bulkhead types of protection would depend 
to a great extent on the locailty and ex-
tent of shore to be protected. It is 
estimated that effective protection could 
be provided for the shore along this 
reach for approximately $31,600,000. 
Same as above 
Table 3. Beach Profiles, Distances, and Profile History 
Profile Distance to 
No. Next Profile 
1 2.0 mi. 
2 3.1 mi. 
3 0.9 mi. 
4 0.9 mi. 
5 1.4 mi. 
6 1. 7 mi. 
7 1.0 mi. 
8 3.1 mi. 
9 1.7 mi. 
10 1.3 mi. 
11 o.s mi. 
12 o.e mi. 
Previous 
Investigators 
Fausak 
Harrison 
Harrison 
Harrison 
Harrison 
Goldsmith and Smith 
(Back Bay Refuge) 
Goldsmith and Smith 
(Back Bay Refuge) 
Goldsmith and Smith 
(Back Bay Refuge) 
Bullock 
Goldsmith and Smith 
Goldsmith and Smith 
Goldsmith and Smith 
Dates Sampled 
Daily 10 Aug-> 9 Sept. 1969 
4 Nov 1956 -> Sept. 1958 
7-8 Mar. ],.962 
25 Mar., 10 Apr. 1963 
11 June -> 5 July 1963 
25 Mar., 10 Apr. 1963 
11 June -> 5 July 1963 
Mar. and Apr. 1963 
.10 June -> 5 July 1963 
Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
Monthly July 1969 -> Mar. 
Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
1971 
References 
Fausak 1970 
Harrison and 
Wagner 1964 
Harrison and 
Wagner 1964 
Harrison and 
Wagner 1964 
Harrison and 
Wagner 1964 
Bullock 1971 
Table 3, Cont'd. 
Profile Distance to Previous 
No. Next Profile Investigators Dates Sampled References 
13 o.s mi. Goldsmith and Smith Bi-monthly (approx.) 
Sept. 1972 ->Jan. 1974 
14 1.6 mi. Bullock Monthly July 1969 -> Mar. 1971 Bullock, 1971 
Goldsmith and Smith Bi-monthly (approx.) 
Sept. 1972 ->Jan. 1974 
15 2.9 mi. Goldsmith and Smith Bi-monthly (approx.) 
Sept. 1972 ->Jan. 1974 
16 1.3 mi. Goldsmith Bi-monthly (approx.) 
Sept. 1972 ->Jan. 1974 
17 1.5 mi. Shideler, Swift, Oct. 1970 -> Oct. 1971 In Preparation 
McHone 
Goldsmith Bi-monthly (approx.) In Preparation 
Sept. 1972 ->Jan. 1974 
18 Bullock Monthly July 1969 -> Mar. 1971 Bullock 1971 
Goldsmith Bi-monthly (approx.) 
Sept. 1972 -> Jan. 1974 
Total of 26.2 miles distance between profiles 1-18 
Average of 1.54 miles distance between each profile 
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Fig. 6. Historical sea level changes at Hampton Roads, Virginia (from 
Hicks, 1973). 
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Northern Dare and Currituck Counties - dune line and high water 
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NOTES: 
1. [X! to hereon based on do!u contoiMd in BEB Technicol Nemotr~ndum 
No. 57, "North Allan tic Coast Wove Slofistics Hindcost /Jy 1/w Wove 
Spectrum Method; "Appendix 0, Wo~~~r Stutisfics for Slut ion 0 off 
Chl!sopeke Boy Entrance." 
2. _Wind dolo O>flr o J-yeor period, 1947-1949 inclusi.-, was us.d as 
o basis for the hindcost study. 
J Wove rosl!s show pl!rcentoge frequency of wow dirtlcfion and 
percento(ltl frequency disfri/Jufion of sigmficont wo~~~r heighl for 
t~och direction. 
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Fig. 13. Wave rose data by seasons off Chesapeake Bay entrance (from 
U.S. A~y Corps of Engineers, 1971). 
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Fig .. 14. Surf data (from U.S .. Army Corps of Engineers, 1971). 
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SWELL DIAGRAM 
IN THE SWELL DIAGRAM THE LENGTH OF THE BAR OEIIIOTES THE PERCENT OF TH£ TIME THAT SWELLS 
1(1' 
Of EACH TYPE HAVE BEEN MOVING FROM OR NEAR THE Gl'lf£N DIRECTION. THE FIGURE IN THE C£NT£R Of 
Tt€ DIAGRAM INDICATES THE PERCENT OF CALMS. 
-
LOW SWELlS ( 1-6 FEETl 
MEDIUM SWELLS l 6-12 FEET I 
HIGH SWELLS !OVER 12 FEET) 
WIDTH OF BARS HAVE BEEN WEIGHTED IN PROPORTION TO TH£ SWELL ~IGHT SQUAREO. 
THE SWELL DIAGRAM SHOWN ABOVE APPLIES TO THAT PORTION OF THE ATLANTIC OCUif 
BETWE~N LATI TUOE 35• AND 39• NORTH AND FROM THE SHOM: EASTWARD TO THE 70 TH. 
IIIERIOIAN WEST. 
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Fig. 15. Swell diagram (from U.S. Army Corps of Engineers, 1971). 
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HURRICANES CROSSING NORFOLK ;EA .,., - JUNE 1969 
Paths of hurricanes, Chesapeake Bay area (from U.S. Army Corps 
of Engineers, 1971). 
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Fig. 17. 
NOTE: 
Data hereon based on 81 years of 
record (1886- 1966). 
Azimuth distribution based on direction 
of hurricanes path at its nearest 
approach to the Virginia Beach area. 
All hurricanes passing within a 200 
mile radius of Virginia Beach were 
analyzed. 
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Azimuth distribution of hurricane paths (from U.S. Army Corps 
of Engineers, 1971). 
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Fig. 18. Tide frequency (from U.S. Army Corps of Engineers, 1971). 
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Fig. 19 .. 
Index to flood heights (from U.S. Army Corps of Engineers, 1971). 
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Ship wave observations, east of Virginia; direction versus 
height (from Goldsmith, et al., 1974). 
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Ship wave observations, east of Virginia; direction versus 
period (from Goldsmith, et al., 1974). 
